Abstract-Due to non-stationary multicomponent nature of the electrocardiogram (ECG) signal, its analysis by the monodimensional techniques, temporal and frequenctial, can be very difficult. The use of the time-frequency techniques can be inevitable to achieve to a correct diagnosis. Between the different existing parametric and non-parametric time-frequency techniques, the Periodgram, Capon, Choi-Williams and Smoothed Pseudo Wigner-Ville were chosen to deal with analysis of this biomedical signal. In a first time, a comparison between these time-frequency techniques was made by analyzing modulated signal to make in evidence the technique that gives a good resolution and low level of cross-terms. In a second time, the Periodogram which presents a powerful technique was applied to a normal and abnormal ECG signal. The results show the effectiveness of this time-frequency in analyzing this type of biology signal.
INTRODUCTION
The electrocardiogram (ECG) is one of the major physiological signals generated from heart's rhythmic polarization and depolarization. The P and T waves and QRS complex are the principles components of this biological signal. The P wave presents the arterial activation, the QRS complex reflects the ventricular depolarization and T wave refers to the ventricular repolarization [1, 2] . These different ECG components have specific shapes in the time and frequency domains, which allow the specialists to detect possible existing anomalies only by analyzing ECG signal in these two domains. The electrocardiograms signals are generally non-stationary. The information giving by using the Fourier transform does not provide any indication about the frequency notion over time. Otherwise, the temporal domain presents the weakness that the frequency component which presents the pertinent information is not visualized. To exceed the one-dimensional limitations, the use of the time-frequency techniques is inevitable; these techniques provide an accurate description of the non-stationary behavior of the ECG signals, as a conjoint representation, in time and frequency. The timefrequency techniques used are able to present the evolution of ECG signal power as a function of both time and frequency. In this study, the two major categories of the time-frequency techniques are utilized, the parametric and the non-parametric ones. The chosen time-frequency techniques are selected for their interesting proprieties [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The used time-frequency techniques are: Periodogram, Capon, Choi-williams and Smoothed pseudo Wigner-Ville. A comparison based on the variance and the resolution factors of some modulated signals are proposed to select the most suitable technique, which will be more adequate for analyzing the ECG signal. In this paper, the work was based for analyzing a normal and an abnormal ECG with some types of arrhythmia pathology. Cardiac arrhythmias are divided into two groups, the first one is life threatening and requires immediate treatment with an automated external defibrillator (AED) or an implantable cardioverter defibrillator (ICD) [16, 17] . The second one is not deadly, but requires treatment sustainability. The abnormal ECG signals used in this work are obtained from patients with cu ventricular tachyarrhythmia and malignant ventricular arrhythmia.
The Periodogram performance surpass others techniques in order to reducing the cross terms and increasing the resolution. The cross-terms present the principle problem of the timefrequency which can obscure some important information in the time-frequency plan.
The article is organized as the follows, firstly we will present, in the section II, the different techniques used in this work. Secondly, in the section III, we will detail the biomedical signals used in this study. Thirdly, the section IV and V will show the main obtained results. Finally, we will conclude with a conclusion in the section VI.
II. TIME-FREQUENCY TECHNIQUES

A. Parametric techniques
The parametric time-frequency techniques used in this work are the Capon, the Periodogram.
Capon distribution
The estimator of minimum variance called Capon estimator (CA) does not impose a model on the signal. At each frequency f, this method seeks a matched filter whose response is 1 for the frequency f and 0 everywhere else [3] [4] [5] [6] [7] .
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The two previous techniques defined by the equations 1 and 2 can be applied sliding windows. There is no theoretical criterion for choosing the filter order and duration of the window [4] . The parametric techniques depend on the signal so that the frequency response has a different shape and then different properties according to the signal characteristics. The choice of the window is more crucial to the time-frequency resolution. CA and PE estimator usually has a better frequency resolution. Both techniques are well suited to signals containing some strong spectral components such as ECG biomedical signals.
B. Non parametric techniques 1. Smoothed Pseudo Wigner-Ville
The majority of the non parametric time-frequency representations are represented by the cohen class [7] [8] [9] [10] [11] [12] [13] [14] [15] . This class includes inter alias the Wigner-Ville distributions. Among the large number of existing time-frequency representations some authors have proposed using the Wigner-Ville [9, 10] . To avoid the covering of frequential components in the timefrequency representation, in this study we use in the place of the real signal depending of the temporal (t) and frequential (f) parameters. This distribution is given by the following expression: 
Where h(t) is a smoothing frequential window and g(t) is a smoothing temporal window.
Choi-Williams technique
The Choi-Williams distribution was developed as a method of finding the Wigner-Ville Distribution with the minimum amount of cross-term interference. The Choi-Williams distribution is a shift-invariant transform. Essentially, the distribution is a smoothed version of the Wigner-Ville distribution through a kernel function defined by [15] [16] [17] :
The Choi-Williams distribution is then defined as:
Where
The smoothing of the distribution is controlled by the constant σ. As σ → ∞, the Choi-Williams (CW) distribution will simplify converges to the Wigner-Ville distribution, as the kernel goes to 1. The cross-terms are reduced with smaller values of σ. The Choi-Williams distribution is a bilinear timefrequency representation [17] .
III. BIOMEDICAL SIGNALS
A. Normal ECG signal
The normal signal ECG is characterized with P wave, Twave, and complex the QRS. The figure 1 shows an example of a normal ECG signal. 
B. Abnormal signal
The abnormal signals used in this work are cu ventricular tachyarrhythmia, and malignant ventricular arrhythmia. The figure 2 represents misalignments of the third QRS complex of cu ventricular tachyarrhythmia. The ECG signals were provided by MIT-BIH database [18] .
IV. PERFORMANCE OF TIME-FREQUENCY TECHNIQUES
A. Modulated signals
The time-frequency techniques are applied in this section to the signal given by the following equation,
The signal used is composed of three components; two components of high frequency and the third component is of low frequency .The goal of this application is the choice of appropriate method for specific application The figure 4a presents the modulated signal used for the comparison between the time-frequency techniques. The Fourier transform spectrum presented in figure 4b shows the evolution of frequency content from 50 to 165, and cannot give any information about number of the components frequency and their change over time. The figure 4c presented by periodogram gives a good localization of the two high frequency components than the others techniques. This technique can separate clearly the frequency components. The non parametric time-frequency images, figures 4e and 4f, show the presence of high level of cross-terms and low degree of resolution which make the identification of the two frequency components more delicate than the periodogram technique. 
B. Variance
The time-frequency techniques used in this study are applied to a monocomponent signal to find the most performance technique.
The monocomponent signal used is given by the following equation:
The instantaneous frequency (IF) is given by the following equation:
Where a=1, f o =0.05f s ,  = 0.4f s , () t  is the analytic signal phase and f s = 1/T is the sampling frequency.
The bias (B) and the variance (VAR) of the estimate present the most important factors that decide the quality of estimation. These two notions can be defined by the following expressions: The Periodogram time-frequency images (figure 6a et 6a') give a good location of the QRS complexes and the T waves. By the comparison of the periodogram results with those obtained by Choi-williams ( Fig. 6b and 6b' ), we note that the periodogram technique gives the best results. The figure (fig 8a and 8a' ). However, The figures 8b and 8b' obtained from the application of the Choi-williams nonparametric technique present the interference terms which hide some useful information. The Choi-williams technique can't track the changes of the frequency components the QRS complex of the abnormal signal in the case the malignant ventricular arrhythmia. The high performance of the PE technique is clearly demonstrated in the figure 8 (a and a' ). We note from the results of the figure 8 that the parametric Periodogram technique are better than the non parametric Choi-williams technique for analyzing this delicate ECG abnormality.
The Periodogram parametric technique allow us to identify many types of abnormal ECG signals and reveal changes of frequency from the detection of the T waves and the QRS complexes. This parametric technique seems to be a good approach for analyzing normal and abnormal ECG signals compared to the non-parametric time-frequency techniques. 
